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Abstract

Objective

To develop an index assessing the risks of low energy fractures (LEF) in patients prescribed
antiepileptic drugs (AED) by exploring five previously suggested risk factors; age, gender,
AED-type, epilepsy diagnosis and BMI.

Methods

In a population-based retrospective open cohort study we used real world data from the
Electronic Health Register (EHR) in Region Kalmar County, Sweden. 23 209 patients pre-
scribed AEDs at any time from January 2008 to November 2018 and 23 281 matching con-
trols were followed from first registration in the EHR until the first documented LEF,
disenrollment (or death) or until the end of the study period, whichever came first. Risks of
LEF measured as hazard rate ratios in relation to the suggested risk factors and in compari-
son to matched controls were analyzed using Cox regression. The index was developed
using a linear combination of the statistically significant variables multiplied by the corre-
sponding regression coefficients.

Results

Data from 23 209 patients prescribed AEDs and 2084 documented LEFs during a follow-up
time of more than 10 years resulted in the Kalmar Epilepsy Fracture Risk Index (KEFRI).
KEFRI = Age-category x (1.18) + Gender x (-0.51) + AED-type x (0.29) + Epilepsy diagno-
sis-category x (0.31) + BMI-category x (-0.35). All five previously suggested risk factors
were confirmed. Women aged 75 years and older treated with an inducing AED against epi-
lepsy and BMIs of 25 kg/m? or below had 48 times higher LEF rates compared to men aged
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50 years or younger, treated with a non-inducing AED for a condition other than epilepsy
and BMIs above 25 kg/m?.

Conclusion

The KEFRI is the first weighted multifactorial assessment tool estimating risks of LEF in
patients prescribed AEDs and could serve as a feasible guide within clinical practice.

Introduction

With an ageing population worldwide, the number of low energy fractures (LEF) is expected
to increase from the 9 million annual fractures registered at the turn of the century [1]. These
fractures cause both suffering and generate considerable health care costs [2]. Risk factors for
LEFs have been assessed in several epidemiological studies [3, 4], resulting in the development
of general risk assessment tools now being used in clinical practice. One of these tools is
FRAX"™, which integrates eight clinical risk factors in estimating the 10-year major osteopo-
rotic fracture risk [5]. Some of these risk factors, such as age, gender and BMI apply to the pop-
® s secondary
osteoporosis, usually defined as low bone mass in the presence of an underlying disease or
drug [6]. Drugs causing bone loss and thus increasing the risk of LEF have been stressed as an
important area within drug safety [7]. The only drug class included in FRAX™ at present is
glucocorticoids.

Contradictory to this drug class selection, increased fracture rates in patients using antiepi-

ulation in general. One of the more specific risk factors included in FRAX

leptic drugs (AED) have been recognized ever since the 1960s [8] when risks were initially pre-
sented in institutionalized patients with epilepsy. The use of AEDs have since disseminated
into other medical areas such as psychiatry [9] and pain medicine [10] resulting in a substan-
tial increase in AED consumption. The fracture risk among AED users has been extensively
investigated and is evidently multifactorial [11]. Drug side effects including impaired gate sta-
bility [12] and influence on bone mineral density [13] are considered contributing factors. The
inducing effect on hepatic Cytochrome P450 (CYP) enzymes attributed to some AEDs, have
been associated with vitamin D deficiency, and thus as one further underlying cause of both
bone impairment and LEF, suggesting fracture risk differences between AED types [14]. In
addition to side effects of AEDs, the medical conditions themselves can contribute to the frac-
ture risk, e.g. due to seizure-related falls [14]. An epilepsy-specific risk assessment tool has
been requested [15], since neither the epilepsy diagnosis nor use of AEDs are included in the
FRAX™ definition of secondary osteoporosis. In the recently updated version of QFracture™,
another osteoporotic fracture risk tool, epilepsy (either diagnosed or prescribed anticonvul-
sants) has been added, but merely as a single binary risk factor [16]. The multifactorial nature
of the fracture risk among AED users calls for a more differentiated approach in risk
assessment.

Data on drug prescriptions, medical diagnoses and events are registered in Electronic
Health Records (EHR) together with basic demographic parameters. This type of real world
data can act as a source in creating risk prediction models in health care [17]. In this study we
developed a multifactorial risk assessment tool for LEFs in patients prescribed AEDs by apply-
ing a combination of five previously suggested risk factors; age, gender, BMI, AED-type and
epilepsy diagnosis on data from EHR. We also compared the risk for LEFs in patients pre-
scribed AEDs with a matched control group for risk factor confirmation.
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Methods

We conducted a retrospective, population-based, open cohort study. Our study followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline [18]. The regional ethical review board of Linkoping University approved the study
plan and deemed it exempt from informed consent because the data was pseudonymized.

Data source

The EHR of Region Kalmar (Cambio COSMIC) was first introduced in 2008 and reached full
coverage in 2010. The EHR covers the entire Kalmar County population, varying from 233 400
(in 2008) to 244 700 (in 2018). Relevant data regarding health events, prescriptions, vital
parameters, clinical coding, and lab results are included in addition to basic demographic
parameters. Both public and private care providers are included in primary as well as second-
ary care. Both somatic and psychiatric care is included in the EHR.

Study cohort

Patients prescribed at least one AED during the period or having initiated treatment before
January 2008 were initially included (Fig 1). For comparative outcome analysis a control
group was selected with computer-based randomization based on gender and the age-decade
interval at study initiation, ratio 1:1. The control group was defined as having no AED pre-
scriptions before or during the study period. Patients were followed from first registry in the
EHR and last follow-up date was defined as either decease date or date of the latest registration
in EHR regardless of health condition. The study included data from January 2008 to Novem-
ber 2018 initially comprising 46 775 participants (AED patients = 23 396, and controls = 23
379). Later, 12 patients were excluded because of missing initiation dates (index dates) and 5
patients due to missing age information. Also, 268 patients were excluded because of fracture
dates preceding the first AED prescription initiation date.

Primary outcome

The primary outcome measure was defined as documented LEF i.e. a combination of ICD-10
codes according to the Swedish National Board of Health and Welfare’s definition of osteopo-
rosis-related fractures [19] and ICD-10 codes for low energy trauma (LET). Osteoporosis-
related fractures were thus defined as ICD-10 codes: S22 (Fracture of rib(s), sternum and tho-
racic spine), $32.1—S32.8 (Fracture of lumbar spine and pelvis), S42.2 (Fracture of upper end
of humerus), S42.3 (Fracture of shaft of humerus), $52.5 (Fracture of lower end of radius),
S52.6 (Fracture of lower end of ulna), $72.0—S72.4 (Fracture of femur) and S82.1 (Fracture of
upper end of tibia). LET was defined as ICD-10 codes for external causes of mortality and mor-
bidity for low energy trauma by codes starting with: W00—WO08 (Fall on same level). The reg-
istration of LET codes is compulsory in conjunction with a fracture registration in the EHR in
Region Kalmar County. The fracture code and LET code had to be registered on the same
healthcare event in order to be included.

Variable definitions

For each participant demographic information on age, gender and date of decease were
obtained. Furthermore, information on diagnosis, BMI, and drug prescription were extracted.

Age was calculated from date of birth to first registration date in EHR and age was catego-
rized as: < 18, 18-50, 51-74 and > 75 years.
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Fig 1. Flowchart for patient and control group inclusion and primary outcome.

https://doi.org/10.1371/journal.pone.0256093.9001

Epilepsy was defined by ICD-10 codes starting with: G40 (Epilepsy and recurrent seizures),
G41 (Status epilepticus) or F803 (Acquired aphasia-epilepsy syndrome). Diagnoses registered by
medical secretaries and/or physicians were included regardless of level or type of care situation.

BMI was categorized as: < 25 and > 25 kg/m”. The values used were either the registered
BMI values or values calculated by registered measurements of length and weight.

Antiepileptic drugs were identified and classified into two groups based on their enzyme inhib-
iting profile. The group inducing CYP enzymes contained ATC codes: N03AA02 (phenobarbital),
NO03AAO03 (primidone), NO3AB02 (phenytoin), NO3ABO5 (fosphenytoin), NO3AFO01 (carbamaze-
pine), NO3AF02 (oxcarbazepine), NO3AF03 (rufinamide) and NO3AF04 (eslicarbazepine).

The group non-inducing CYP-enzymes contained ATC codes: NO3ADO1 (ethosuximide),
NO3AEO01 (clonazepam), N03AGO1 (valproate), NO3AGO04 (vigabatrin), NO3AGO6 (tiagabine),
NO03AXO03 (sultiame), NO3AX09 (lamotrigine), NO3AX10 (felbamate), NO3AX11 (topiramate),
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NO03AX12 (gabapentin), N03AX14 (levetiracetam), NO3AX16 (pregabalin) and N03AX17 (stir-
ipentol). Groups included in the statistical analyses were: inducing, non-inducing, and control
group (no AED prescription)

Patients with one or more prescriptions for AED were included. Patients with only one
type of AED during the study period were classified accordingly, while patients with both
types of AED were classified according to drug exposure. Drug exposure was represented by
the total number of prescription days, i.e. all prescription periods were calculated and summa-
rized for the study follow-up period. Patients having prescriptions of both types of AEDs, were
categorized in the group with the highest number of prescription days. For 78 patients the
number of prescription days were exactly the same, 39 patients were then included by random-
ization to inducing, and 39 to non-inducing. 23 209 patients prescribed an AED (20497 non-
inducing and 2712 inducing) and 23 281 matching controls were thus included for statistical
analysis.

Statistical analyses

We used a Cox univariate regression analysis followed by a multivariate analysis (p<0.1). For
variables displaying statistical significance in the multivariate analysis, an index was developed
for patients prescribed AED using a linear combination of the variables multiplied by the cor-
responding regression coefficients. Since the age groups < 18 and 18-50 years had identical
fracture frequencies (1.7%) the two categories were lumped together in the final Cox regres-
sion giving the three categories < 50, 51-74 and > 75 years. The comparative results were pre-
sented in Kaplan Meier graphs. The software Statistica v.12 (StatSoft, Inc., Tulsa, OK, USA)
was used for all analyses.

Results
Characteristics of patients and control group

Since the introduction of the EHR-system in Region Kalmar County in 2008, 23 209 patients
having been prescribed AEDs in the EHR (20 497 with non-inducing AEDs + 2712 with induc-
ing AEDs in Table 1) were included. This count also include the 680 patients which had AEDs
prescribed solely prior to the EHR roll out, but having been registered in conjunction with the
roll out (Fig 1). Of the 23 209 patients, 1546 patients had been prescribed both non-inducing
and inducing AEDs during the study period (Fig 1). These patients were classified according
to drug exposure i.e. the highest number of prescription days became the dominant AED type.
The median age for participants’ first registration in EHR was 55 years and nearly one of two
patients prescribed AEDs were male (46.3%). A total of 3921 (16.8%) of the patients prescribed
AEDs had an epilepsy diagnosis registered. The vast majority (20 497, 88.3%) of the patients
prescribed AEDs, received drugs not considered as CYP enzyme inducers. The three most
commonly prescribed non-inducing drugs were gabapentin, pregabalin and lamotrigine
(82.5% of the non-inducing drugs prescribed) and the three most commonly prescribed
enzyme-inducing drugs were carbamazepine, oxcarbazepine and phenytoin (90.8% of the
inducing drugs prescribed). The age- and gender-matched control group consisted of 23 281
patients having a medical visit registered in the EHR, but having not been prescribed any
AEDs during the period.

Risk of low energy fractures in relation to previously suggested risk factors

In total, 2084 (1813 with non-inducing AEDs + 271 with inducing AEDs) patients (9.0%)
among those prescribed AEDs suffered from LEFs (Table 1) during the median follow-up
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Table 1. Characteristics of patients prescribed antiepileptic drugs according to enzyme inhibiting profile and age- and gender-matched controls.

AED-type
Variable Controls Non-inducing Inducing Total
N 23281 20497 2712 46490
Gender
Male (n; %) 10758 (46.2) 9129 (44.5) 1612 (59.4) 21499 (46.2)
Female (n; %) 12523 (53.8) 11368 (55.5) 1100 (40.6) 24991 (53.8)
Age (years)
Mean (SD) 52.0 (20.9) 52.4 (20.6) 50.5(21.9) 52.1(20.8)
Median (range) 55 (0-108) 55 (0-101) 54 (0-100) 55 (0-108)
Age categories (years, n; %)
<18 1697 (7) 1383 (7) 298 (11) 3378 (7)
18-50 7980 (34) 7147 (35) 839 (31) 15966 (34)
51-74 10315 (44) 8942 (44) 1236 (46) 20493 (44)
<75 3289 (14) 3025 (15) 339 (13) 6653 (14)
BMI (kg/m2)
Mean (SD) 27.5(5.7) 28.7 (6.3) 27.8 (5.9) 28.3 (6.1)
Median (range) 27 (13-82) 28 (13-70) 27 (14-61) 27 (13-82)
Missing (n; %) 16188 (69.5) 6783 (33.1) 1331 (49.1) 24302 (52.3)
Alive at period end (n; %)
Yes 20985 (90.1) 16260 (79.3) 2042 (75.3) 39287 (84.5)
No 2296 (9.9) 4237 (20.7) 670 (24.7) 7203 (15.5)
Epilepsy diagnosis (n; %)
Yes 46 (0.2) 2804 (13.7) 1117 (41.2) 3967 (8.5)
No 23235 (99.8) 17693 (86.3) 1595 (58.8) 42523 (91.5)
Antiepileptic drugs (AED) (n; %)
Gabapentin (N03AX12) 0 (0.0) 10004 (48.8) 0 (0.0) 10004 (21.5)
Pregabalin (N0O3AX16) 0 (0.0) 4313 (21.0) 0 (0.0) 4313 (9.3)
Lamotrigine (N03AX09) 0 (0.0) 2585 (12.6) 0(0.0) 2585 (5.6)
Valproate (NO3AGO1) 0 (0.0) 1676 (8.2) 0(0.0) 1676 (3.6)
Levetiracetam (N03AX14) 0(0.0) 851 (4.2) 0 (0.0) 851 (1.8)
Clonazepam (NO3AE01) 0(0.0) 782 (3.8) 0 (0.0) 782 (1.7)
Topiramate (N03AX11) 0 (0.0) 267 (1.3) 0(0.0) 267 (0.6)
Vigabatrin (N03AG04) 0 (0.0) 11 (0.1) 0(0.0) 11 (0.0)
Ethosuximide (N03ADO01) 0 (0.0) 7 (0.0) 0(0.0) 7 (0.0)
Sultiame (N03AX03) 0(0.0) 1(0.0) 0(0.0) 1(0.0)
Carbamazepine (NO3AFO01) 0(0.0) 0(0.0) 2173 (80.1) 2173 (4.7)
Oxcarbazepine (NO3AF02) 0(0.0) 0(0.0) 165 (6.1) 165 (0.4)
Phenytoin (N03AB02) 0 (0.0) 0(0.0) 125 (4.6) 125 (0.3)
Phenobarbital (N03AA02) 0 (0.0) 0(0.0) 118 (4.4) 118 (0.3)
Fosphenytoin (N03AB05) 0 (0.0) 0(0.0) 98 (3.6) 98 (0.2)
Primidone (N03AA03) 0(0.0) 0(0.0) 27 (1.0) 27(0.1)
Rufinamide (N03AF03) 0 (0.0) 0(0.0) 6(0.2) 6 (0.0)
Long term epilepsy medication (>5 yrs) (n; %)
Yes 0(0.0) 5609 (27.4) 1248 (46.0) 6857 (14.7)
No 23281 (100) 14888 (73) 1464 (54) 39633 (85)
LEF during follow up period (n; %)
| Yes 1098 (4.7) 1813 (8.8) 271 (10.0) 3182 (6.8)
(Continued)
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Table 1. (Continued)

AED-type
Variable Controls Non-inducing Inducing Total
No 22183 (95) 18684 (91) 2441 (90) 43308 (93)

Age and age categories is the age when patients had the first registry in EHR.

https://doi.org/10.1371/journal.pone.0256093.t001

period of more than 10 years (124.7 months, IQR 87.5 to 130.6 months) after the first registra-
tion in the EHR. The hazard rate ratios of LEFs were analyzed with regards to five previously
suggested risk factors; age, gender, type of AED, epilepsy diagnosis and BMI (Table 2). In the
univariate Cox regression analysis, the statistical differences in individual risk factors are dis-
played. Advanced age, female gender, having been prescribed an AED, having a registered epi-
lepsy diagnosis and a low BMI all involved higher LEF rates. In the multivariate Cox
regression analysis, the five risk factors’ relative importance is presented, taking the variation
of the risk factors between groups into account. All five risk factors remained statistically sig-
nificant in the multivariate regression analysis. Long term medication (> 5 years) was also
incorporated in the model but was not found statistically significant, and did not alter the
regression coefficients included in the index significantly. Patients prescribed CYP enzyme-
inducing AEDs had a hazard rate ratio for LEF of 1.63 (1.38 to 1.92) compared to controls,
while patients prescribed non-inducing AEDs had a ratio of 1.23 (1.13 to 1.35) compared to
controls. Patients prescribed AEDs for epilepsy had a ratio for LEF of 1.40 (1.23 to 1.59) com-
pared to those prescribed AED for non-epileptic conditions. In Figs 2 and 3, the differences in

Table 2. Results from Cox proportional hazard regression regarding risks for low energy fractures, analysed for the total cohort.

Univariate Cox regression Multivariate Cox regression

Parameter N total Fractures Fractures (%) HR (95% conf. limits) P HR (95% conf. limits) P
Age categories (years, n)

<18 3378 57 1.7 0.06 (0.05-0.08) <0.001 0.03 (0.01-0.11) <0.001

18-50 15966 274 1.7 0.06 (0.05-0.07) <0.001 0.07 (0.06-0.08) <0.001

51-74 20493 1552 7.6 0.28 (0.26-0.31) <0.001 0.34 (0.31-0.37) <0.001

>75 6653 1299 19.5 1.00 1.00
Gender (n)

Female 24991 2210 8.8 1.00 1.00

Male 21499 972 4.5 0.53 (0.49-0.57) <0.001 0.57 (0.52-0.62) <0.001
Group (n)

Controls 23281 1098 4.7 1.00 1.00

Non-inducing 20497 1813 8.8 1.57 (1.46-1.70) <0.001 1.23 (1.13-1.35) <0.001

Inducing 2712 271 10.0 1.88 (1.65-2.15) <0.001 1.63 (1.38-1.92) <0.001
Epilepsy diagnosis (n)

No 42523 2756 6.5 1.00 1.00

Yes 3967 426 10.7 1.57 (1.42-1.74) <0.001 1.40 (1.23-1.59) <0.001
BMI (kg/m2, n)

<25 6999 997 14.2 1.00 1.00

>25 15189 1444 9.5 0.61 (0.56-0.66) <0.001 0.70 (0.64-0.75) <0.001

Age category is the age for the patient’s first entry in EHR. HR is hazard rate ratio. The multivariate analyses were reduced from 46490 to 22188 due to missing BMI
values.

Significant results are presented in bold.

https://doi.org/10.1371/journal.pone.0256093.t002
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LEF risk associated with type of AED (Fig 2) and epilepsy diagnosis (Fig 3) compared to con-
trols over time are shown in women and men, respectively.

Visualization of combined risk factors

The differences in LEF risk when combining a number of risk factors are displayed in Fig 4.
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https://doi.org/10.1371/journal.pone.0256093.9003
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Fig 4. Chart displaying relative low energy fracture risks (as hazard rate ratios) during the follow-up period in relation to the five
risk factors (gender, age, epilepsy diagnosis, type of antiepileptic drugs and BMI). Age group is the age of the patient’s first entry in the

EHR.

https://doi.org/10.1371/journal.pone.0256093.9004

against epilepsy and BMIs of 25 kg/m? or below thus had 48 times higher LEF rates compared
to men aged 50 years and younger, treated with a non-inducing AED for a condition other
than epilepsy, and BMIs above 25 kg/m” (the reference group).

KEFRI: A tool to assess risk in clinical practice

Using the risk factors in the multiple regression analysis for patients prescribed AEDs in our
study, the following equation was developed to act as a clinical risk assessment index. The
weighted index is named the Kalmar Epilepsy Fracture Risk Index (KEFRI).

KEFRI = Age-category x (1.18) + Gender x (-0.51) + AED-type x (0.29) + Epilepsy diagno-
sis-category x (0.31) + BMI-category x (-0.35)

Age categories (years): <50 =1
51-74 =2
>75 =3

Gender: Women =1
Men =2

AED type: Non-inducing =1
Inducing =2

Epilepsy diagnosis: No =1
Yes =2

BMI-category (kg/m>): <25 =1
> 25 =2

https://doi.org/10.1371/journal.pone.0256093.t003

KEFRI-stratification

In Fig 5, patients prescribed AEDs are stratified in quartiles according to the KEFRI index.
Patients with an index of below 0.93 are the 25% having the lowest risk of LEFs during the fol-
low-up period from first registry in the EHR. For these low risk patients, the 10-year risk of
LEF is approximately 3%. Patients with a KEFRI index of 0.93 to 1.59 have an 8% risk, whereas
patients with an index of 1.60 to 2.06 have a 10-year risk of 18%. The quartile with the highest
10-year LEF risk are those with a KEFRI index of above 2.06. For these patients, the risk is
27%.
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Fig 5. Low energy fracture-free probability over time in relation to KEFRI-value (quartiles).
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Discussion

There is a growing interest for generating clinical evidence using real world data from EHR.
This retrospective open cohort study used such real world data to confirm previously sug-
gested risk factors, but also used the weighted importance of these risk factors in order to cre-
ate an index for assessing risk of LEFs in patients using AEDs. We found that both the type of
AED and the combination with an epilepsy diagnosis are indeed important factors, supporting
the claim that it is not enough to consider AED-treatment or epilepsy as a single binary risk
factor, as in the updated QFracture™, let alone altogether overlook it, as in FRAX®™.

Several meta-analyses have been published on the subject of fractures in epilepsy/use of
AEDs [20, 21]. These reviews have assessed various studies on risks and associations in differ-
ent cohorts.

Shen et al. [11] published the most recent systematic review of patients using AEDs regard-
less of diagnosis in 2014. Fifteen studies were included for analysis. In this meta-analysis the
heterogeneity-adjusted relative risk for all fractures was found to be 1.85 (1.62 to 2.12) among
AED users globally. If taking only cohort studies into account (9 studies) it was 1.97 (1.31 to
2.96). If including only osteoporosis-related fractures (3 studies) the relative risk was 1.88 (1.40
to 2.53), and among the studies only including patients >50 years (13 studies) it was 1.85 (1.61
to0 2.13). When comparing AED types (inducing and non-inducing) to controls (4 and 4 stud-
ies, respectively) the differences in fracture risks were 1.60 (1.26 to 2.02) and 1.27 (1.02 to
1.59), respectively. The difference between inducing and non-inducing (4 studies) was 1.18
(1.11 to 1.25). In our study, 20 497 patients with non-inducing and 2712 with inducing AEDs
were included. Overall, the patients with AEDs had a doubled unadjusted relative risk of LEFs,
and we observed a 23% (13 to 35%) risk increase of LEF in patients with non-inducing AEDs,
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and a 63% (38 to 92%) risk increase in patients with inducing AEDs compared to controls (in
the multivariate analysis) which is well in line with the meta-analysis from Shen et al.

Risks of fractures in patients with epilepsy using AEDs have been specifically reviewed [21].
The three studies included in the review showed mixed results. Two studies (one [22] classified
as poor quality and one [23] of good quality) suggested no risk difference between inducing and
non-inducing, while the other (classified in the review as having high quality) study found a
22% (12 to 34%) risk difference between AED types among women and a borderline difference
(9% (-2 to 20%)) among men [24]. Two of the studies had relatively short follow-ups (about 2
years) and the third study follow-up time was unclear. The study having good quality which
showed no AED-type differences did however find that the risk of fracturing increased with
cumulative AED exposure among patients with epilepsy [23]. This is also indicated in our study
where the mean follow-up time was longer than 10 years. We observed a relative risk of LEF
increase of 40% (23 to 59%) among patients with epilepsy in our multivariate analysis. This is a
lower risk increase compared to that of the meta-analysis by Vestergaard [14] where 5 studies of
measuring any kind of fracture were included, which stated a relative risk of 2.2 (1.9 to 2.5).
Our lower risk increase could be explained by the fact that we only included LEF. It is previously
known that about a third of the fractures in patients with epilepsy are linked to seizures [14].

Risks in different age groups have been specifically studied. These studies indicate that risks
of fractures increase with (most) AED use in children [25], adults and the elderly [26, 27]. In
our study 3364 older people with AEDs of 6653 (75 years or older) were included. We observed
an increased relative fracture risk of 66% (63 to 69%) in the elderly compared to those middle-
aged (51-74 years). In our study there were 1681 with AEDs of 3378 children included. Very
few LEF (N = 57) were documented during a follow-up of more than 10 years. This is probably
due to the fact that most fractures in children are results of high energy/trauma.

Since women generally have higher risks of bone impairment, osteoporosis and fractures,
fracture risk in postmenopausal women with AEDs have been assessed [28] showing a hazard
ratio of 1.44 (1.29 to 1.65) compared to matched women controls without AED treatment.
Gender differences in fracture risk among epilepsy patients have also been studied [23] where
women have had higher fracture rates in relation to treatment duration. In our study there was
a near doubling of risk of LEFs among women compared to men (57% (52 to 62%) of the risk
in women in the multivariate analysis).

Although the association between Body Mass Index and fracture risk is complex [29] BMI
below 25 kg/m” is considered a risk factor for major osteoporotic fractures, when unadjusted
to BMD. This was confirmed in our study even though we were only able to retrieve BMI val-
ues from half of the patients (48%) from the EHR. There was a 30% (25 to 36%) lower risk of
LEF in patients with a BMI of >25kg/m’.

Our study has several limitations that should be addressed. First, our control groups were
matched only by age and gender. This could possibly result in confounding effects due to dif-
ferences in socioeconomic factors, hereditary risks and comorbidity. Second, we included all
LEFs and AEDs and did not stratify the results in relation to fracture location or individual
AED. Furthermore we did neither take multiple AED use nor AED dosage into account.
Third, the few patients prescribed osteoporosis treatment (less than 2% in the population)
were not excluded. We would have included further risk factors e.g. cigarette smoking and
alcohol intake in our model, however in the current EHR there was no standardized way of
recording these variables; thus, they were left out. KEFRI is based on merely five previously
suggested risk factors and gives a crude estimation of LEF risks over time. While other risk
assessment tools have integrated treatment duration in the index or have estimated risk in rela-
tion to a predetermined period (e.g. 10-year risk) [5], we found the aspect of temporal associa-
tions to be of a complex nature. Patients in our study were included from first registry in EHR
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and followed until first documented LEF, disenrollment (or death) or until the end of the
study period, whichever came first. When including long term treatment (total AED
prescription > 5 years) as a risk factor, we found that it did not have a significant influence on
KEFRI. The drug exposure (total days of AED prescription) was therefore used to determine
the AED type categorization only among patients prescribed multiple types of AED in our
study. This implies that patients could have undergone treatment breaks during the follow-up
period, this in turn influencing the LEF risk. Furthermore, treatment regimens could differ
substantially between diagnoses when prescribing AED perplexing the risk estimation. In spite
of the limitations this study is strengthened by the fact that the entire population of patients in
a Swedish region prescribed AEDs, regardless of diagnosis, were included, that the follow-up
time was longer than 10 years, that we were able to look at LEFs registered by physicians rather
than all fracture types, and that the multivariate analysis allowed us to use the weighted risk
factors to develop a fracture risk index among the patients in the Kalmar region prescribed
AEDs. To determine KEFRIs performance, the algorithm needs to be tested in an external
population henceforth.

A recent review by Miziak [30] provided an update on the issue of drugs causing LEFs. Sev-
eral publications stress investigation with bone mineral density (BMD) and subsequent treat-
ment in patients using AEDs [20, 31, 32]. Despite this, awareness of the risks seem to be low
among neurologists and in primary care [33], resulting in the patient group being overlooked
[34]. Furthermore, the lack of fracture risk awareness seems to be low among patients with
AEDs, whereby only 30% are aware of the association [35].

We think that the KEFRI could act as a future tool in clinical practice to increase the aware-
ness among physicians regarding risks and risk factors in this specific patient group. KEFRI
could possibly be integrated in the EHR as a decision support system, when assessing risks of
LEFs during consultations. Furthermore KEFRI could create awareness among individual
patients using AEDs through physician-patient dialogue.

Author Contributions

Conceptualization: Ola Nordqvist, Olof Bjorneld, Lars Brudin, Par Wanby, Rebecca Nobin,
Martin Carlsson.

Data curation: Olof Bjérneld.
Formal analysis: Ola Nordqvist, Lars Brudin.
Investigation: Ola Nordqvist.

Methodology: Ola Nordqvist, Olof Bjérneld, Lars Brudin, Pir Wanby, Rebecca Nobin, Martin
Carlsson.

Supervision: Ola Nordqvist, Martin Carlsson.
Validation: Ola Nordqvist, Olof Bjorneld, Lars Brudin.
Visualization: Ola Nordqvist, Pir Wanby.

Writing - original draft: Ola Nordqvist, Martin Carlsson.

Writing - review & editing: Ola Nordqvist, Olof Bjorneld, Lars Brudin, Par Wanby, Rebecca
Nobin, Martin Carlsson.

References

1. Johnell O., Kanis J.A., An estimate of the worldwide prevalence and disability associated with osteopo-
rotic fractures, Osteoporosis international: a journal established as result of cooperation between the

PLOS ONE | https://doi.org/10.1371/journal.pone.0256093  August 26, 2021 12/14


https://doi.org/10.1371/journal.pone.0256093

PLOS ONE

Low energy fractures in patients prescribed antiepileptic drugs

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

European Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA 17(12)
(2006) 1726-33. https://doi.org/10.1007/s00198-006-0172-4 PMID: 16983459

Curtis E.M., Moon R.J., Harvey N.C., Cooper C., The impact of fragility fracture and approaches to oste-
oporosis risk assessment worldwide, Bone 104 (2017) 29-38. https://doi.org/10.1016/j.bone.2017.01.
024 PMID: 28119181

Friedman S.M., Mendelson D.A., Epidemiology of fragility fractures, Clinics in geriatric medicine 30(2)
(2014) 175-81. https://doi.org/10.1016/j.cger.2014.01.001 PMID: 24721358

Ensrud K.E., Epidemiology of fracture risk with advancing age, The journals of gerontology. Series A,
Biological sciences and medical sciences 68(10) (2013) 1236—42.

Kanis J.A., Oden A., Johansson H., Borgstrom F., Strom O., McCloskey E., FRAX and its applications
to clinical practice, Bone 44(5) (2009) 734—43. https://doi.org/10.1016/j.bone.2009.01.373 PMID:
19195497

Painter S.E., Kleerekoper M., Camacho P.M., Secondary osteoporosis: a review of the recent evidence,
Endocrine practice: official journal of the American College of Endocrinology and the American Associa-
tion of Clinical Endocrinologists 12(4) (2006) 436—45. https://doi.org/10.4158/EP.12.4.436 PMID:
16901802

Nguyen K.-D., Bagheri B., Bagheri H., Drug-induced bone loss: a major safety concern in Europe,
Expert Opinion on Drug Safety 17(10) (2018) 1005—1014. https://doi.org/10.1080/14740338.2018.
1524868 PMID: 30222369

Kruse R., [Osteopathies in antiepileptic long-term therapy (preliminary report)], Monatsschrift fur Kinder-
heilkunde 116(6) (1968) 378-81. PMID: 4304972

Generoso M.B., Trevizol A.P., Kasper S., Cho H.J., Cordeiro Q., Shiozawa P., Pregabalin for general-
ized anxiety disorder: an updated systematic review and meta-analysis, International clinical psycho-
pharmacology 32(1) (2017) 49-55. https://doi.org/10.1097/Y1C.0000000000000147 PMID: 27643884

Wiffen P.J., Derry S., Bell R.F., Rice A.S., Tolle T.R., Phillips T., et al, Gabapentin for chronic neuro-
pathic pain in adults, The Cochrane database of systematic reviews 6 (2017) Cd007938. https://doi.
org/10.1002/14651858.CD007938.pub4 PMID: 28597471

Shen C., Chen F., Zhang Y., Guo Y., Ding M., Association between use of antiepileptic drugs and frac-
ture risk: a systematic review and meta-analysis, Bone 64 (2014) 246-53. https://doi.org/10.1016/j.
bone.2014.04.018 PMID: 24780876

Fife T.D., Blum D., Fisher R.S., Measuring the effects of antiepileptic medications on balance in older
people, Epilepsy research 70(2—3) (2006) 103-9. https://doi.org/10.1016/j.eplepsyres.2006.03.004
PMID: 16675199

Farhat G., Yamout B., Mikati M.A., Demirjian S., Sawaya R., El-Hajj Fuleihan G., Effect of antiepileptic
drugs on bone density in ambulatory patients, Neurology 58(9) (2002) 1348-53. https://doi.org/10.
1212/wnl.58.9.1348 PMID: 12011279

Vestergaard P., Epilepsy, osteoporosis and fracture risk—a meta-analysis, Acta neurologica Scandina-
vica 112(5) (2005) 277-86. https://doi.org/10.1111/1.1600-0404.2005.00474.x PMID: 16218908

Petty S.J., Wilding H., Wark J.D., Osteoporosis Associated with Epilepsy and the Use of Anti-Epileptics-
a Review, Current osteoporosis reports 14(2) (2016) 54—65. https://doi.org/10.1007/s11914-016-0302-
7 PMID: 26879819

Hippisley-Cox J., Coupland C., Derivation and validation of updated QFracture algorithm to predict risk
of osteoporotic fracture in primary care in the United Kingdom: prospective open cohort study, BMJ
(Clinical research ed.) 344 (2012) e3427. https://doi.org/10.1136/bmj.e3427 PMID: 22619194

Goldstein B.A., Navar A.M., Pencina M.J., loannidis J.P., Opportunities and challenges in developing
risk prediction models with electronic health records data: a systematic review, Journal of the American
Medical Informatics Association: JAMIA 24(1) (2017) 198-208. https://doi.org/10.1093/jamia/ocw042
PMID: 27189013

von Elm E., Altman D.G., Egger M., Pocock S.J., Gotzsche P.C., Vandenbroucke J.P., The Strengthen-
ing the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for report-
ing observational studies, International journal of surgery (London, England) 12(12) (2014) 1495-9.

Malnivaer for rérelseorganens sjukdomar, National Board of Health and Welfare, https://www.
socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/nationella-riktlinjer/2015-4-9-
bilaga-3.pdf, 2015.

Meier C., Kraenzlin M.E., Antiepileptics and bone health, Therapeutic advances in musculoskeletal dis-
ease 3(5) (2011) 235—43. https://doi.org/10.1177/1759720X11410769 PMID: 22870482

Fraser L.A., Burneo J.G., Fraser J.A., Enzyme-inducing antiepileptic drugs and fractures in people with
epilepsy: A systematic review, Epilepsy research 116 (2015) 59—66. https://doi.org/10.1016/.
eplepsyres.2015.07.003 PMID: 26354168

PLOS ONE | https://doi.org/10.1371/journal.pone.0256093  August 26, 2021 13/14


https://doi.org/10.1007/s00198-006-0172-4
http://www.ncbi.nlm.nih.gov/pubmed/16983459
https://doi.org/10.1016/j.bone.2017.01.024
https://doi.org/10.1016/j.bone.2017.01.024
http://www.ncbi.nlm.nih.gov/pubmed/28119181
https://doi.org/10.1016/j.cger.2014.01.001
http://www.ncbi.nlm.nih.gov/pubmed/24721358
https://doi.org/10.1016/j.bone.2009.01.373
http://www.ncbi.nlm.nih.gov/pubmed/19195497
https://doi.org/10.4158/EP.12.4.436
http://www.ncbi.nlm.nih.gov/pubmed/16901802
https://doi.org/10.1080/14740338.2018.1524868
https://doi.org/10.1080/14740338.2018.1524868
http://www.ncbi.nlm.nih.gov/pubmed/30222369
http://www.ncbi.nlm.nih.gov/pubmed/4304972
https://doi.org/10.1097/YIC.0000000000000147
http://www.ncbi.nlm.nih.gov/pubmed/27643884
https://doi.org/10.1002/14651858.CD007938.pub4
https://doi.org/10.1002/14651858.CD007938.pub4
http://www.ncbi.nlm.nih.gov/pubmed/28597471
https://doi.org/10.1016/j.bone.2014.04.018
https://doi.org/10.1016/j.bone.2014.04.018
http://www.ncbi.nlm.nih.gov/pubmed/24780876
https://doi.org/10.1016/j.eplepsyres.2006.03.004
http://www.ncbi.nlm.nih.gov/pubmed/16675199
https://doi.org/10.1212/wnl.58.9.1348
https://doi.org/10.1212/wnl.58.9.1348
http://www.ncbi.nlm.nih.gov/pubmed/12011279
https://doi.org/10.1111/j.1600-0404.2005.00474.x
http://www.ncbi.nlm.nih.gov/pubmed/16218908
https://doi.org/10.1007/s11914-016-0302-7
https://doi.org/10.1007/s11914-016-0302-7
http://www.ncbi.nlm.nih.gov/pubmed/26879819
https://doi.org/10.1136/bmj.e3427
http://www.ncbi.nlm.nih.gov/pubmed/22619194
https://doi.org/10.1093/jamia/ocw042
http://www.ncbi.nlm.nih.gov/pubmed/27189013
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/nationella-riktlinjer/2015-4-9-bilaga-3.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/nationella-riktlinjer/2015-4-9-bilaga-3.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/nationella-riktlinjer/2015-4-9-bilaga-3.pdf
https://doi.org/10.1177/1759720X11410769
http://www.ncbi.nlm.nih.gov/pubmed/22870482
https://doi.org/10.1016/j.eplepsyres.2015.07.003
https://doi.org/10.1016/j.eplepsyres.2015.07.003
http://www.ncbi.nlm.nih.gov/pubmed/26354168
https://doi.org/10.1371/journal.pone.0256093

PLOS ONE

Low energy fractures in patients prescribed antiepileptic drugs

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Espinosa P.S., Perez D.L., Abner E., Ryan M., Association of antiepileptic drugs, vitamin D, and calcium
supplementation with bone fracture occurrence in epilepsy patients, Clinical neurology and neurosur-
gery 113(7) (2011) 548-51. https://doi.org/10.1016/j.clineuro.2011.03.011 PMID: 21507568

Souverein P.C., Webb D.J., Weil J.G., Van Staa T.P., Egberts A.C., Use of antiepileptic drugs and risk
of fractures: case-control study among patients with epilepsy, Neurology 66(9) (2006) 1318—24. https://
doi.org/10.1212/01.wnl.0000210503.89488.88 PMID: 16682661

Nicholas J.M., Ridsdale L., Richardson M.P., Grieve A.P., Gulliford M.C., Fracture risk with use of liver
enzyme inducing antiepileptic drugs in people with active epilepsy: cohort study using the general prac-
tice research database, Seizure 22(1) (2013) 37—42. https://doi.org/10.1016/j.seizure.2012.10.002
PMID: 23127777

Gniatkowska-Nowakowska A., Fractures in epilepsy children, Seizure 19(6) (2010) 324-5. https://doi.
org/10.1016/j.seizure.2010.04.013 PMID: 20493726

Jette N, Lix L.M., Metge C.J., Prior H.J., McChesney J., Leslie W.D., Association of antiepileptic drugs
with nontraumatic fractures: a population-based analysis, Archives of neurology 68(1) (2011) 107—12.
https://doi.org/10.1001/archneurol.2010.341 PMID: 21220681

Cheng H.H., Huang W.C., Jeng S.Y., Anti-epileptic drugs associated with fractures in the elderly: a pre-
liminary population-based study, Current medical research and opinion 35(5) (2019) 903-907. https://
doi.org/10.1080/03007995.2018.1541447 PMID: 30362853

Carbone L.D., Johnson K.C., Robbins J., Larson J.C., Curb J.D., Watson K., et al, Antiepileptic drug
use, falls, fractures, and BMD in postmenopausal women: findings from the women'’s health initiative
(WHI), Journal of bone and mineral research: the official journal of the American Society for Bone and
Mineral Research 25(4) (2010) 873-81.

Johansson H., Kanis J.A., Oden A., McCloskey E., Chapurlat R.D., Christiansen C., et al A meta-analy-
sis of the association of fracture risk and body mass index in women, Journal of bone and mineral
research: the official journal of the American Society for Bone and Mineral Research 29(1) (2014) 223—
33.

Miziak B., Chroscinska-Krawczyk M., Czuczwar S.J., An update on the problem of osteoporosis in peo-
ple with epilepsy taking antiepileptic drugs, Expert Opin Drug Saf 18(8) (2019) 679-689. https://doi.org/
10.1080/14740338.2019.1625887 PMID: 31159612

Arora E., Singh H., Gupta Y.K., Impact of antiepileptic drugs on bone health: Need for monitoring, treat-
ment, and prevention strategies, Journal of family medicine and primary care 5(2) (2016) 248-253.
https://doi.org/10.4103/2249-4863.192338 PMID: 27843822

Beerhorst K., van der Kruijs S.J., Verschuure P., Tan |.Y., Aldenkamp A.P., Bone disease during
chronic antiepileptic drug therapy: general versus specific risk factors, Journal of the neurological sci-
ences 331(1-2) (2013) 19-25. https://doi.org/10.1016/j.jns.2013.05.005 PMID: 23706474

Valmadrid C., Voorhees C., Litt B., Schneyer C.R., Practice patterns of neurologists regarding bone
and mineral effects of antiepileptic drug therapy, Archives of neurology 58(9) (2001) 1369-74. https://
doi.org/10.1001/archneur.58.9.1369 PMID: 11559307

Nordgvist O., Lonnbom Svensson U., Brudin L., Wanby P., Carlsson M., Adherence to risk manage-
ment guidelines for drugs which cause vitamin D deficiency—big data from the Swedish health system,
Drug, healthcare and patient safety 11 (2019) 19-28. https://doi.org/10.2147/DHPS.S188187 PMID:
30962725

Shiek Ahmad B., Hill K.D., O'Brien T.J., Gorelik A., Habib N., Wark J.D., Falls and fractures in patients
chronically treated with antiepileptic drugs, Neurology 79(2) (2012) 145-51. https://doi.org/10.1212/
WNL.0b013e31825f0466 PMID: 22700806

PLOS ONE | https://doi.org/10.1371/journal.pone.0256093  August 26, 2021 14/14


https://doi.org/10.1016/j.clineuro.2011.03.011
http://www.ncbi.nlm.nih.gov/pubmed/21507568
https://doi.org/10.1212/01.wnl.0000210503.89488.88
https://doi.org/10.1212/01.wnl.0000210503.89488.88
http://www.ncbi.nlm.nih.gov/pubmed/16682661
https://doi.org/10.1016/j.seizure.2012.10.002
http://www.ncbi.nlm.nih.gov/pubmed/23127777
https://doi.org/10.1016/j.seizure.2010.04.013
https://doi.org/10.1016/j.seizure.2010.04.013
http://www.ncbi.nlm.nih.gov/pubmed/20493726
https://doi.org/10.1001/archneurol.2010.341
http://www.ncbi.nlm.nih.gov/pubmed/21220681
https://doi.org/10.1080/03007995.2018.1541447
https://doi.org/10.1080/03007995.2018.1541447
http://www.ncbi.nlm.nih.gov/pubmed/30362853
https://doi.org/10.1080/14740338.2019.1625887
https://doi.org/10.1080/14740338.2019.1625887
http://www.ncbi.nlm.nih.gov/pubmed/31159612
https://doi.org/10.4103/2249-4863.192338
http://www.ncbi.nlm.nih.gov/pubmed/27843822
https://doi.org/10.1016/j.jns.2013.05.005
http://www.ncbi.nlm.nih.gov/pubmed/23706474
https://doi.org/10.1001/archneur.58.9.1369
https://doi.org/10.1001/archneur.58.9.1369
http://www.ncbi.nlm.nih.gov/pubmed/11559307
https://doi.org/10.2147/DHPS.S188187
http://www.ncbi.nlm.nih.gov/pubmed/30962725
https://doi.org/10.1212/WNL.0b013e31825f0466
https://doi.org/10.1212/WNL.0b013e31825f0466
http://www.ncbi.nlm.nih.gov/pubmed/22700806
https://doi.org/10.1371/journal.pone.0256093

